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ular canal in relation to the buccal cortical bone in Chinese patients with three dentofacial re-
lationships: normal dentition, retrognathism, and prognathism.
Methods: Cone-beam computed tomography and lateral cephalograms of patients with normal
dentation, retrognathism, and prognathism (nZ 32 each group) were reviewed. Measurements
of the shortest distance from the outer/buccal edge of the mandibular canal to the inner sur-
face of the buccal cortex, and the distance from the lingula of the ramus to the dorsal root of
the first molar were recorded.
Results: No significant difference was observed between the three groups in the distribution of
contact or fusion of the mandibular canal, or in the course of the mandibular canal on the right
or left side. When the shortest distance at the lingula on the left side was >2.1 mm, no in-
stances of contact or fusion were observed. On the right side, 100% of the patients had no con-
tact or fusion when the shortest distance was >2.7 mm at the lingula.ng authors declare no conflicts of interest.
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982 C.-Y. Huang, Y.-F. LiaoConclusion: The shortest distance from the outer/buccal edge of the mandibular canal to the
inner surface of the buccal cortex measured at the lingula can predict contact or fusion. During
sagittal split ramus osteotomy, great care should be observed at the point halfway between
the lingula and the anterior ramus border where the inferior alveolar nerve is the closest to
the cortical bone.
Copyright ª 2015, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).Introduction
Sagittal split ramus osteotomy (SSRO) is a common operation
used to correctmandibular deformities such as prognathism,
retrognathism, and asymmetry.1 The procedure can result in
good functional and cosmetic outcomes; however, neuro-
sensory disturbance of the inferior alveolar nerve (IAN) is
commonwith an incidence of 9e85%.2,3 Sensory alteration in
the IAN that is confirmed with neurosensory testing after
SSRO ranges postoperatively from 54% to 86% at 4e8 days,
41% to 75% at 1month, 33% to 66% at 3months, 17% to 58% at 6
months, and 15% to 33% at 1 year.4
Injury to the IAN during SSRO can occur because of nerve
laceration during cortical bone dissection, the nerve may
be torn during splitting, or the nerve may be damaged by
interosseous fixation.1,5 Unfavorable fractures during SSRO
and contact between the mandibular canal and the
external cortical bone are the primary causes of IAN
injury.6,7 Unfavorable fractures occur mostly because of
fusion of the medial and lateral cortical plates with no
cancellous bone in between.6,7 The incidence of unfavor-
able fractures is as high as 50%, and complete transection
of the IAN can occur.8e11 Yamamoto et al.12 showed that
the mandibular canal was in contact with the external
cortical bone on 10 (25%) sides, and that neurosensory
disturbance occurred on all sides with an incidence signif-
icantly greater than the 20% incidence of the 30 (75%) sides
without contact between the canal and external cortical
bone.
Anatomical variations of the IAN are therefore important
to the clinician. The mandibular canal courses lingually to
the roots of the second and third molars, adjacent to the
roots of the first molar, and laterally to the roots of the
premolars.13 In the area of the mandibular foramen, the
IAN occupies nearly the entire cancellous space between
the lingual and buccal cortical plates while maintaining a
close relation to the lingual plate and, as it approaches the
mental foramen the mandibular canal, it turns sharply
medially to laterally towards the foramen.14 Tsuji et al15
detected 16 of 70 skeletal class III rami having contact or
fusion of the mandibular canal; in many patients, it extends
from the mandibular foramen to the mandibular angle.
Performing computed tomography (CT) before surgery is
useful to obtain the location of the mandibular canal, and
to determine the distribution of the mandibular ramus
cancellous bone. The use of cone-beam CT (CBCT) in den-
tomaxillofacial imaging has several advantages over con-
ventional CT such as x-ray beam collimation, reducedeffective radiation dose, and fewer artifacts.16 It also has
high accuracy and reproducibility.17e20
To date, the course of the IAN canal has not been
compared in the three classes of dentofacial relationships
(i.e., normal dentition, retrognathism, and prognathism).
Thus, the purpose of this study was to determine the
anatomical position of the mandibular canal in relation to
the buccal cortical bone in Chinese patients with the three
different classes of dentofacial relationships using CBCT
records to provide information on the relative distance of
the IAN to the bone cuts performed during SSRO. This in-
formation may help avoid injury to the IAN during SSRO.
Materials and methods
This study was approved by the Institutional Reviewer Board
of our hospital. The requirement for informed patient con-
sent was waived because of the retrospective nature of this
study. The medical records of patients with Class I, II, and III
dentofacial relationships who received CBCT scans and
lateral cephalograms from 2008 to 2010 were retrospectively
reviewed. The collection was stopped when the target
number of patients was reached (i.e., 16 male patients and
16 female patients in each group). Inclusion criteria were
men and women who were aged 18e45 years old. Exclusion
criteria were pathology in the mandible (e.g., cysts, tu-
mors), a history or evidence of previous surgery of the
mandible and cleft lip/palate, and obvious asymmetry of the
mandible. Patients with no first and second molars were also
excluded because this would influence teeth orientation.
Dentofacial skeletal patterns were determined by
lateral cephalogram (Figure 1A). Class I (i.e., normal
anteroposterior relationship of the mandible to the maxilla)
was defined as a point A-nasionepoint B (ANB) angle of
0e4. Class II (i.e., retrognathism; posterior relationship of
the mandible to the maxilla) was defined as an ANB angle
>4. Class III (i.e., prognathism; anterior relationship of the
mandible to the maxilla) was defined as an ANB angle <0.
The CBCT scans were examined using iCAT Vision 1.62
software (Imaging Sciences International, Hatfield, PA,
USA) with a voxel size of 0.4 mm  0.4 mm  0.4 mm. The
software allows multiplanar reconstruction of the axial
three-dimensional (3D) image dataset into appropriate
planes for measurements. Before the measurement, the
three planes were oriented. In the coronal view, the
sagittal plane was adjusted so that it bisected the skull.
The axial plane was adjusted parallel to the occlusal plane
of the mandibular posterior teeth on both sides in the
Figure 1 Measurement of the distance. (A) A-nasionepoint B (ANB) angle measurement. (B) The cone-beam computed tomog-
raphy (CBCT) slice thickness is 2 mm (parallel yellow lines). (C) Cross-sectional view of a representative mandible slice, as shown in
(B). The red line indicates the shortest distance of the outer/buccal edge of the mandibular canal to the inner surface of the buccal
cortex. (D) Line A is the vertical distance from the level of the lingula to the ramus notch. Line B is the vertical distance from the
level of the lingula to the point of fusion between the medial and lateral cortical plates.
Figure 2 Measurements from the lingula of the ramus to the
dorsal root of the first molar. The slice thickness is 2 mm.
R Z anterior border of ramus.
Mandibular canal in dentofacial relationships 983sagittal view, and it was centered at the midpoint of the
distance between the two first molars. The coronal plane
was at a right angle to the axial plane in the sagittal view,
and was adjusted to bisect the mesial root of the first molar
tooth in the axial view. The slice thickness of the scans was
2 mm (Figure 1B).
The shortest distance was measured from the outer/
buccal edge of the mandibular canal to the inner surface of
the buccal cortex (Figure 1C) and from the lingula of the
ramus to the dorsal root of the first molar on the left and
right sides (Figure 2).7,21 Contact or fusion of the mandib-
ular canal was defined, as previously described (Figure 3).15
Measurements were obtained to one decimal place using a
digital millimeter scale. The IAN canal courses to the inner
surface of the buccal cortex. It was traced every 2 mm from
the lingula of the ramus (i.e., 0%) to the level of the dorsal
root of the first molar (i.e., 100%). The values were record
at every 10% interval between 0% and 100%. When exact
values could not be measured, the percentile values were
estimated using the interpolation method. The vertical
distance from the level of the lingula to the ramus notch,
Figure 3 Classification of the mandibular canal. (A) Separatedthe canal does not touch the inner surface of cortical bone. (B)
Contact typedcontact is evident between the outer surface of the canal and the inner surface of the cortical bone. (C) Fusion
typedthe outer surface of the canal is not visible.
984 C.-Y. Huang, Y.-F. Liaoand the vertical distance from the level of the lingula to the
point of fusion between the medial and lateral cortical
plates are illustrated in Figure 1D.
Statistical analysis
Continuous data were presented by the mean  standard
deviation, and categorical data were presented by the
number and percentage. For continuous data, one-way
analysis of variance with Bonferroni post-hoc tests for
pair-wise group comparisons were performed to compare
the three groups. For categorical data, Fisher’s exact test
was performed. Receiver operating characteristics (ROC)
analysis was used to determine if contact or fusion of the
mandibular canal could be predicted by the shortest dis-
tance from the outer/buccal edge of the mandibular canal
to the inner surface of the buccal cortex measured at the
lingula. Two types of optimized cut-off points were deter-
mined: (1) the point with a maximum of sensitivity þ
specificity e 1; and (2) the point with maximum specificity
when the sensitivity was equal to 1.0. Statistical analyses
were performed using SPSS 15.0 statistics software (SPSSInc., Chicago, IL, USA). A two-tailed value of p < 0.05 was
considered statistically significant.
Results
Ninety-six patients were included with 32 individuals (16
women and 16 men) in each of the three groups (i.e.,
normal dentition, retrognathism, and prognathism).
Detailed demographic and measurement data of the three
groups are shown in Table 1. Individuals in the prognathism
group were significantly younger than those in the retro-
gnathism group (mean age, 23.4 years vs. 29.8 years;
p < 0.001).
Lingula tip to the ramus notch and fusion of the
buccal and lingual plates
There was no difference in the distance from the lingula tip
to the ramus notch between the three groups (for all,
p > 0.05). There was no difference between the three
groups in the distance from the lingula tip to fusion of the
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Mandibular canal in dentofacial relationships 985buccal and lingula plates, except for the right side of male
patients in whom the distance from the lingula tip to the
fusion of the buccal and lingual plates in the retrognathism
group was significantly shorter than the distance in the
normal group (mean distance, 5.2 mm vs. 6.7 mm;
pZ 0.016). The maximum and minimum distance from the
lingula tip to the fusion of the buccal and lingual plates was
10.3 mm and 3.6 mm, respectively.
Mandibular canal and the IAN course
There was no significant difference between the three
groups in the distribution of contact or fusion of the
mandibular canal (p > 0.05; Table 1). The shortest distance
from the outer/buccal edge of the mandibular canal to the
inner surface of the buccal cortex on the right side or left
side was similar between the three groups (Figure 4).
On the left side in the normal anteroposterior group, the
average shortest distance from the outer/buccal edge of
the mandibular canal to the inner surface of the buccal
cortex was lowest at 20% of the distance of the lingula of
the ramus to the dorsal root of the first molar, and greatest
at 70% of the distance of the lingula of the ramus to the
dorsal root of the first molar. The other two groups
exhibited similar trends, but the lowest and highest levels
in the retrognathism group occurred at 10% and 60%,
respectively, of the distance of the lingula of the ramus to
the dorsal root of the first molar. The lowest and highest
level in prognathism group were at 20% and 70%, respec-
tively. Most R points (i.e., anterior border of the ramus)
were at 40% and 50% (81.3%). Fifteen (15.6%) R points and 3
(3.1%) R points occurred at 30% and 60%. In 86.5% (83/96) of
patients, the R points were located after the points of
minimum shortest distance of the outer/buccal edge of the
mandibular canal to the inner surface of the buccal cortex.
On the right side in the normal anteroposterior group,
the average shortest distance of the outer/buccal edge of
the mandibular canal to the inner surface of the buccal
cortex was lowest at 20% of the distance of the lingula of
the ramus to the dorsal root of the first molar, and greatest
at 80% (Figure 4). The other two groups exhibited similar
trends, but the lowest and highest levels of the retro-
gnathism group occurred at 10% and 70%, respectively. The
lowest and highest levels of the prognathism group
occurred at 20% and 70%, respectively. More than one-half
of the R points occurred at 40% (56.3%); 21 (21.8%) R
points occurred at 50%; and 17 (17.7%) R points and 4 (4.2%)
R points occurred at 30% and 60%, respectively. In 91.7%
(88/96) of patients the R points were located after the
points of the minimum shortest distance.
Contact or fusion of the mandibular canal
Nineteen (19.8%) of the 96 patients had contact or fusion on
the left side (Figure 5). Most (89.5%) of the contact or
fusion occurred at 0e20%: seven patients (0%), five patients
(10%), and five patients (20%). The remaining two patients
had contact or fusion at 30% and at 20e30%. All R points
occurred at 30e50%: four patients (30%), 10 patients (40%),
and five patients (50%). All contact or fusion on the left side
occurred before the R point.
Figure 4 Comparison of the inferior alveolar nerve course in subjects with normal dentation, retrognathism, and prognathism.
Each point and error bar represents the average level and standard deviation of 32 subjects in the corresponding group. The gray
bars represent the number of patients for the distribution of R point. (A) For the 96 patients, 15, 45, 33 and 3 patients had their R
points on the left side at 30%, 40%, 50%, and 60%, respectively. (B) For the 96 patients, 17, 54, 21, and 4 patients had their R points
on the right side at 30%, 40%, 50%, and 60%, respectively.
986 C.-Y. Huang, Y.-F. LiaoTwenty-one (21.9%) of the 96 patients had contact or
fusion on the right side. The R points were at 30%, 40%, and
50% in four patients, 12 patients, and five patients,
respectively. Most (85.7%) contact or fusion occurred at
0e20%: 12 patients (0%), four patients (10%), and two pa-
tients (20%). The other three patients had contact or fusion
at 40% (two patients) and 20e30% (one patient). Except for
two patients in whom contact or fusion and the R point
were at the same site, all contact or fusion on the right side
occurred before the R point.Receiver operating characteristic analysis
Receiver operating characteristic analysis was performed to
detect contact or fusion of the mandibular canal by theshortest distance from the outer/buccal edge of the
mandibular canal to the inner surface of the buccal cortex
measured at the lingula. The area under the ROC curves
(AUC) was 0.953 (p < 0.001) and 0.977 (p < 0.001) for
detecting contact or fusion of the mandibular on the left
side and right side, respectively (Figure 6).
On the left side, a cut-off point of 1.4 mm obtained a
maximum sensitivity and specificity of 0.900 and 0.855,
respectively (Figures 6A and 7A). Thus, 90% of patients with
contact or fusion on left side had the shortest distance
(i.e., <1.4 mm, which is a positive outcome) and 85.5% of
patients without contact or fusion on the left side had the
shortest distance (i.e., >1.4 mm, which is a negative
outcome). The negative predict value (NPV) was 97.0% (65/
67), which indicated that 65 of 67 patients with the shortest
distance at the lingula (i.e., >1.4 mm) did not have contact
Figure 5 The inferior alveolar nerve course of the patients
with contact or fusion. Each point represents the average
level. The gray bars represent the number of patients for the
distribution of R point. (A) Among 19 patients with contact or
fusion on the left side, four patients, 10 patients, and five
patients had R points at 30%, 40%, and 50%, respectively. (B)
Among 21 patients with contact or fusion on the right side, four
patients, 12 patients, and five patients had their R points at
30%, 40%, and 50%, respectively.
Mandibular canal in dentofacial relationships 987or fusion. At the cut-off point of 2.1 mm, the sensitivity and
specificity were 1.000 and 0.658, and the NPV was 100%
(50/50), which indicated that all patients with the shortest
distance at the lingula (i.e., >2.1 mm) did not have contact
or fusion.
On the right side, a cut-off point of 1.25 mm obtained a
maximum sensitivity and specificity of 0.810 and 0.893,
respectively (Figures 6B and 7B). Thus, 81% of patients with
contact or fusion on the right side had the shortest distance
(i.e., <1.25 mm, a positive outcome), and 89.3% of patients
without contact or fusion on the right side had the shortest
distance (i.e., >1.25 mm, a negative outcome). The NPV
was 94.4% (67/71), which indicated that 67 of 71 patients
with the shortest distance at the lingula (i.e., >1.25 mm)did not have contact or fusion. At a cut-off point of 2.7 mm,
the sensitivity and specificity were 1.000 and 0.400,
respectively, and the NPV was 100% (30/30), which indi-
cated that all patients with a shortest distance (i.e.,
>2.7 mm) at the lingula did not have contact or fusion.Discussion
Unfavorable fractures can result in an IAN injury and
reportedly occur in up to 50% of SSRO cases; they primarily
result from fusion of the medial and lateral cortical plates
with no cancellous bone in between.6,7,11 Muto et al.7
report that the safest region in which to establish the
medial osteotomy line is just superior and 5e6 mm poste-
rior to the lingula, and with the line directed slightly infe-
rior. Another investigator reports that a desirable splitting
pattern occurs when a short lingual cut just above the lin-
gula and a lateral bone cut of the mandibular angle are
created, and extended to the inside through the inferior
border of the mandible.22
Based on our results, no significant difference was
observed in the distance from the lingula tip to the fusion of
buccal and lingual plates between the three groups, which
indicated a similar chance of unfavorable fractures be-
tween the three groups during medial osteotomy. A medial
osteotomy line 3 mm superior to the lingula and carried to
the depth of the medial surface of the buccal cortex is
suggested because the minimum distance from the lingula
tip to fusion of the buccal and lingual plates is 3.6 mm.
Chances of an unfavorable fracture are reduced if the
mandible is split in a region where it is sufficiently thick.
Nagadia et al23 examined the anatomical position of the
mandibular canal with respect to cortical bone and molar
teeth in Chinese individuals and found that the mandibular
canal was the farthest from the buccal cortex at the second
molar region (mean distance, 6.79 mm; minimum distance,
4.80 mm), and the mandibular body was thickest (11.9 mm)
in the region of the second molar. Nagadia et al23 concluded
that the vertical buccal cut for SSRO should be near the
second molar where the bone is thickest and the mandib-
ular canal is furthest from the buccal cortex, and that the
safe depth for the vertical buccal cut is 4.8 mm, which
corresponds to the minimum horizontal distance. In addi-
tion, when contact or fusion is present, the IAN is easily
injured when the bone is separated from the neural tube.7
The position of the IAN canal at the ascending ramus is
related to neurosensory disturbance after SSRO.11,24 Based
on our observations (Figure 4), IAN was nearest to the
cortical bone at 10e20% of the course of nerve bundles,
which was approximately halfway between the lingula and
ramus anterior border. The IAN was farthest away from the
cortical bone at 70e80% of the course of nerve bundles,
which was at approximately the second molar position. For
the left and right sides, 86.5% (83/96) and 91.7% (88/96) of
the patients, respectively, had their R point located after
the point with the minimum of the shortest distances of the
outer/buccal edge of the mandibular canal to the inner
surface of the buccal cortex.
Tsuji et al15 studied 35 patients with skeletal Class III
prognathism with symmetry based on transaxial computed
tomograms acquired with a slice thickness of 2 mm; they
Figure 6 Receiver operating characteristic (ROC) analyses of the shortest distance of the outer/buccal edge of the mandibular
canal to the inner surface of the buccal cortex measured at the lingula (0%) to detect contact or fusion of the mandibular canal. (A)
The left side. (B) The right side. The area under the ROC curve (AUC) is 0.953 (p < 0.001) and 0.977 (p < 0.001) for the left side and
right side, respectively. The black dots in the figures are the optimized points with maximum sensitivity þ specificity e 1 (i.e., the
Youden index). The white circles in the figures are the points with maximum specificity when the sensitivity is 1.0.
Figure 7 Comparison of the shortest distance from the outer/buccal edge of the mandibular canal to the inner surface of the
buccal cortex measured at the lingula (0%) between mandibular canals with and without contact or fusion. (A) The left side. (B) The
right side.
988 C.-Y. Huang, Y.-F. Liaoreported 16 (22.9%) of 70 rami of the individuals with
prognathism had contact or fusion of the mandibular canal.
In the current study, 17.2% (11/64) of rami in the normal
group, 23.4% (15/64) of rami in the retrognathism group,
and 21.9% (14/64) of rami in the prognathism group had
contact or fusion with a slightly higher percentage in the
latter two groups than in the normal group. There was no
significant difference between the three groups in the
course of mandibular canal, regardless of the side (i.e., left
or right side) or sex, which indicated that the risk of IAN
injury after SSRO is similar between the three groups. What
is important is that the shortest distance from the outer/
buccal edge of the mandibular canal to the inner surface of
the buccal cortex measured at the lingula can predict
contact or fusion of the mandibular canal. When theshortest distance at the lingula on the left side was
<1.4 mm, the possibility of contact or fusion was 90%. On
the right side, contact or fusion was present in 81% of pa-
tients when the shortest distance was <1.25 mm at the
lingula.
Cone-beam CT is commonly used in dentistry, end-
odontics, and craniofacial surgery, and it has a high degree
of accuracy with respect to spatial measurement.18,19 Angel
et al.26 reviewed the CBCT studies of adult dentate patients
and found that the inferior alveolar canal and foramina
were relatively consistent, regardless of age and sex.
Studies have also demonstrated good intra- and interexa-
miner reliability.17,20 However, scan setting can affect the
visibility of certain structures.27 Ballrick et al.28 found that
spatial resolution was lower with faster scan times and
Mandibular canal in dentofacial relationships 989larger voxel sizes, and that a 0.2 mm voxel scan had an
average spatial resolution of 0.4 mm. Chadwick and Lam29
examined the effect of slice thickness and interslice in-
terval on CBCT images of dental implant patients and found
statistically significant differences in the measured bone
height. In the current study, the slice thickness was 2 mm,
which may have impacted the results.
This study is limited by its retrospective nature and the
relatively small number of patients. In addition, the cases
were consecutive but they were not randomly selected.
Missing teeth, tooth position, or the alignment of mandib-
ular wisdom teeth may affect the outer/buccal edge of the
mandibular canal with respect to the inner surface of the
buccal cortex; this factor was not taken into account. This
study included only Chinese individuals, and therefore the
results may not be applicable to other ethnicities.
In conclusion, the results of this study showed no dif-
ference in the IAN canal direction in patients with normal
dentition, retrognathism, and prognathism, which suggests
that no group is more vulnerable to IAN injury during SSRO.
The shortest distance from the outer/buccal edge of the
mandibular canal to the inner surface of the buccal cortex,
measured at the lingula, can predict contact or fusion be-
tween the mandibular canal and the external cortical bone.
During SSRO, surgeons should be very careful at the point
halfway between the lingula and the anterior ramus border
where the IAN is nearest the cortical bone.References
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